An enzyme immunoassay procedure is described for the identification of major histocompatibility haplotypes and lymphocyte alloantigens in 19 inbred mouse strains. The assay was found to be useful for the genetic monitoring of such mice.
The genetic monitoring of rodent colonies demands the use of immunological and biochemical techniques (Groen, 1977; Hoffman, 1978; Festing & Totman, 1980) . Many of these are costly, technically complicated and time consuming. In this paper we describe a reproducible and economical immunoassay using commercially available monoclonal antibodies that are specific to particular antigenic determinants expressed polymorphically among different mouse strains.
Materials
Mice aged about 4 weeks, of 19 inbred strains (Table  I) , were obtained from Harlan alae Ltd, Station Road, Bicester, UK. The monoclonal antibodies OX-7, OX-3, OX-6, anti Ly-15.2, anti Ly-9.2 and HlOO-5/28 were obtained from Serotec Ltd, Bicester, UK; anti Ly-I.J and anti Ly-2.1 were obtained from New England Nuclear, Boston, MA, USA.
The monoclonal antibodies used in this study were used as ascites fluid, and those directed against alloantigens expressed on lymphocyte cell surfaces were clone OX-7 (monoclonal mouse IgG1 antibody against the mouse Thy-I.I determinant) (Mason & Williams, 1980) , clone 7-206/3 (monoclonal mouse IgG2a antibody against the mouse Ly-I.1 detcrmin- Mouse News Letter (Morse, 1985) has been used in this paper. 
Methods
Two mice from each strain were killed in a carbon dioxide chamber. The thymus was dissected and Fernandez & Weeks washed in PBS, and each thymus was gently pushed through a strainer using a syringe plunger. The thymocyte suspensions were collected in a Petri dish containing 2 ml of PBS, transferred to LP3 tubes and washed by centrifugation at 1500 rev/min for 5 min; the supernatant was discarded. The cells were resuspended and the washing procedure was repeated twice. Finally the cell suspension was counted in a haemocytometer and readjusted for use in the assay to approximately 10 M cells/ml. Thymocytes from every strain were fixed with glutaraldehyde and stored at -20°C ready for use when required. The glutaraldehyde-fixed cells were prepared by adding equal volumes of 0·25% glutaraldehyde in PBS. The cell suspension was then mixed and left to stand for 5 min at room temperature. This was followed by the addition of half a volume of sodium borohydride 0·5% for a further 5 min and a further half volume of 1% BSA in PBS. The cells were then washed twice in PBS and resuspended in the original volume of PBS containing 1% BSA.
Alternatively, this cell fixation step can be omitted if immediate use is intended. 50 III of thymocyte suspensions of a test mouse were dispensed into LP3 tubes that contained J ml of blocking buffer consisting of PBS with 1% wt/vol. BSA and J % vol./vol. fresh rabbit serum and were incubated at room temperature for 30 min. After incubation, the test tubes were centrifuged at 1500 rev/min for 5 min and the supernatants were discarded by aspiration with a Pasteur pipette attached to a vacuum pump.
To each tube 50 III of the appropriate monoclonal antibody at its optimum working concentration was added and incubated for 1 h at room temperature, with gentle shaking at intervals of 20 min in order to maintain the cells in suspension and optimize first antibody saturation.
The optimum working dilution of each first antibody was taken as the dilution giving 50% antibody activity. This was determined by preparing serial dilutions of each monoclonal antibody from 1: 10 to 1: 10 M and titrating against target thymocytes from a known positive strain. Dilutions of antibodies were made in PBS containing 1% wt/vol. BSA. Table 2 illustrates the quantities of reagents used and how experimental and control tubes were set Genetic monitoring of inbred strains of mice up. Controls A and B were performed in order to ensure (a) that the first antibody was not binding non-specifically to the tubes so that the thymocytes were omitted and (b) that the second antibody was not binding non-specifically to the LP3 tubes or thymocytes so that the first antibody was omitted. By carrying out these controls it was established that all the colour obtained in positive test tubes was produced by the first antibody binding to the specific thymocyte epitope. Excess or unbound first antibody was removed by centrifugation as before and thymocytes were spun washed and resuspended three times in 1 ml per tube of PBS 1% wt/vol. BSA.
50 III of 1:1000~-galactosidase with conjugated antibody solution was added to each tube and incubated for 2 h at +4°C, with gentle shaking at 30 min intervals. The~-galactosidase conjugate was prepared as follows: 10 III of~-galactosidase conjugate was diluted in a solution containing 10 ml of PBS, 0·1 ml of 1 M MgCb and I III of 2-mercaptoethanol.
Incubation at 4°C reduced the uptake by pinocytosis of antibody into cells, which contributes to a high background (Taylor & Duffus, 1971) . Further centrifugation and washing was carried out three times to remove excess or unbound second antibody conjugate completely. During the washing steps care was taken to keep the cells alive by aspirating the supernatant at the meniscus and gently resuspending the cell pellets by flicking, since non-specific uptake of antibody will occur in dead cells.
100 III of the~-galactosidase substrate was added 295 to all tubes and incubated for 30 min at room temperature.
The~-galactosidase substrate solution contained 9 mg/ml of ONPG, 10 III of 1 M MgClz and 10 III of 2-mercaptoethanol. The ONPG was added to PBS and warmed to 45°C to dissolve it.
Finally the reaction was halted by addition of developer, 50 III per tube of 1 M NazCO). For final quantitative results the experimental and control tubes were spun at 1500 rev/min for 5 min. Each supernatant was then transferred to a documented well of a Nunc immunoplate and the optical density was measured by absorbance at 410 nm using an Elisa mini reader 11. However, in practical use this step may be omitted as the colour reaction is clearly visible.
Results
The results of this Immunoassay were interpreted visually ( Fig.  1) because the activity of~-galactosidase causes the cleavage of ONPG which produces the yellow colour of free O-nitrophenol (Graven, Steers & Misen, 1965) .
A yellow colour indicated that the particular monoclonal antibody reacted positively with the specific alloantigen, while no colour indicated a negative reaction comparable with the control tubes. The results of the assay were only accepted when the non-specific binding controls for first and second antibody produced no colour. Each test was repeated three times, and each time the results were comparable.
The use of this immunoassay has enabled us to Fig. 1 . Genetic profile of C58/01a using the described immunoassay on a free suspension of thymocytes. Tubes 3,4,6 and 8 show a positive colour reaction indicating the presence of particular cell surface alloantigens expressed in this strain. Tubes 1. 2, 5 and 7 show a negative colour reaction indicating the absence of particular cell surface alloantigens. Tube 9 is the non-specific binding control. It should be noted that the background of the negative colour reaclions is comparable with that of the control.
produce a genetic profile of all Harlan Olac Ltd inbred strains. The results are comparable with published data compiled by Hetherington (1982) and in the revised nomenclature for Ly loci published in Mouse News Letter (Morse, 1985) except that data for NIH/Ola, NZW/Ola and A2GIOIa have not previously been published.
Discussion
The immunoassay described here has been found to be highly reliable and reproducible.
Current techniques of genetic monitoring using polyvalent alloantisera (Festing & Totman, 1980) and serological methods based on loci controlling cell membrane alloantigens require the preparation of monospecific or oligospecific alloantisera, which is time consuming and sometimes requires mouse and rat strains that are not readily available.
The present immunoassay has the advantage over previous techniques of being both simple to perform and economical.
All the monoclonal antibodies used are commercially available and when tested had high titres, thus allowing economical use of reagents.
The test was performed in LP3 tubes in preference to 96 well immunoplates as it proved a quicker and more efficient technique in lowering background colour due to non-specific binding. Ideally the assay can be simplified by automation, by binding the target cells to the wells of a microtitre plate using concanavalin A 10 [.lg/ml, incubating overnight at 4°C and then flicking off the liquid contents of the wells and washing twice in PBS. The cells are then added to the required concentration to each well. After incubation for 1 h 100 f.tl of 0·05% glutaraldehyde in PBS is added to each well. Optimal binding is obtained by standing the plates overnight at 4°C (Van Riet et al., 1985) . However, following this technique it was found that a large percentage of cells were lost during the washing steps. It was felt that this approach also produced some false positive results. Another disadvantage was that it required two overnight incubations and glutaraldehyde fixation. Taking these factors into consideration we felt that performing the assay in LP3 tubes would be more advantageous.
Fixation of cells performed as described did not seem to induce modification of surface antigens. However, continuous freezing and thawing may cause cell surface modification and therefore we recommend dispensing glutaraldehyde-fixed cells into small aliquots and using each only once after thawing.
The use of anti-mouse F(ab'h conjugate Bgalactosidase was found to be effective in reducing the high backgrounds found previously when using (Cameron & Erlanger, 1976) . Whole antibody conjugates in the presence of Fe receptors on the surface of some cells, e.g. macrophages (Basten et al., 1972) and B lymphocytes (Berken & Benacerraf, 1966) , can lead to high backgrounds.
The background elevation is because these receptors bind immunoglobulins via the Fe portion, and hence an F(ab'h fragment was used to eliminate such binding. Also F(ab'h fragments are less prone to aggregation (Jensenius & Williams, 1974) .
The labelled second antibody used reacts with antigenic determinants on light chains; thus it proved to be equally effective in recognizing immunoglobulins of IgG or of IgM class, since the physical and biological properties of immunoglobulin classes are characterized by variation in heavy chains.
Blind tests were performed to test the effectiveness of the technique.
Thymocytes of unknown strains were assayed against the eight monoclonal antibodies and on every occasion the strain was identified except for the strains with H-2" haplotypes, i.e. strains (AlSn, A/J and A2G) which have common ancestry. Likewise, with this battery of reagents it was not possible to distinguish between C57BU6 and C57BUlO, nor between CBA/Ca and C3H/He. This immunoassay offers a technique for checking the genetic authenticity of inbred strains of mice and could be valuable for small breeding units with limited laboratory facilities or expertise in the genetic quality control field, since the assay only requires very basic equipment.
As more monoclonal antibodies specific to alloantigens become available in the future, more extensive genetic profiles for each inbred and congenic strain could be compiled by use of this technique. Already more than 30 Ly loci have been discovered and monoclonal antibodies to many of these will become commercially available in the future.
We conclude that immunoassays for mouse alloantigens using monoclonal antibodies have great potential in the genetic monitoring of inbred mouse strains.
